ABSTRACT. To determine the effect of long-distance (approximately 600 km) road transportation on the blood biochemistry of laboratory animals, we investigated the changes in serum biochemical parameters in healthy cynomolgus monkeys and beagle dogs transported by truck from Osaka to Tsukuba, Japan. The concentrations of serum cortisol, total bilirubin and aspartate aminotransferase in monkeys increased during transportation. Serum cortisol and total bilirubin levels in dogs also increased during transportation, but serum triglyceride decreased. Serum parameter values in truck-transported monkeys and dogs returned to baseline levels within two weeks following arrival. Taken together, these results suggest that a two-week acclimation period is the minimum duration required for adaptation following road transportation.
To reduce costs in pharmacokinetic studies for drug development, laboratory animals, such as cynomolgus monkeys and beagle dogs, are used multiple experiments over prolonged periods at multiple sites, which necessarily requires transport between facilities. Transportation unavoidably induces stress in laboratory animals [15] , in turn resulting in physiological, biochemical and behavioral alterations, the effects of which last beyond arrival at their destination [7, 11, 20] . Alleviating this stress and ameliorating any transport-related changes require a period of acclimation [14] . However, the appropriate duration of such acclimation period is unclear.
Here, to improve animal welfare, we assessed associated serum parameter changes in two different types of laboratory animals subject to the same transportation conditions to determine their optimal acclimation periods.
All animal experimental procedures used in this study were reviewed and approved by the Institutional Animal Care and Use Committee of Astellas Pharma Inc. Astellas Pharma Inc.'s animal facilities have been accredited by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) International.
Nineteen healthy male cynomolgus monkeys, aged 3 to 6 years, were transported by truck from Osaka to Ibaraki, Japan. The housing environments for the cynomolgus monkeys before and after transportation are detailed in Table 1 . Monkeys were housed in compliance with the Guide for the Care and Use of Laboratory Animals [5] . To enrich the animal's environment, music from a local radio station was played from 1:00 PM to 3:00 PM, and monkeys had access to toys, such as dumbbells, monkey shine mirrors and Kongs (Bio-Serv; Frenchtown, NJ, U.S.A.). Before transportation, monkeys were determined to be healthy based on general appearance, activity and a tuberculosis skin test. All monkeys were serologically negative for B virus.
Thirty-one healthy male beagle dogs, aged 19 to 46 months, were transported by truck from Osaka to Ibaraki, Japan. The housing environments for the beagle dogs before and after transportation are detailed in Table 2 . The dogs were housed in compliance with the Guide for the Care and Use of Laboratory Animals [5] and had access to toys, such as dumbbells and balls (Bio-Serv).
The departure point was Kashima R&D Center, Astellas Pharma Inc. in Osaka, Japan, and the destination was Tsukuba Research Center, Astellas Pharma Inc. in Ibaraki, Japan. The animals were transported in transport cages (300 × 310 × 460 mm for monkeys; and 570 × 810 × 585 mm for dogs) in air-conditioned trucks (23-26°C for monkeys; and 18-22°C for dogs) for a duration of approximately 22 hr over a distance of approximately 600 km. To prevent vomiting during road transportation, animals were fasted without any food and water. The last feeding time was one day before the transportation. Upon arrival, usual feeding patterns were resumed.
For blood chemistry measurements, a 1.5-ml blood sample was taken from the saphenous or cephalic vein via disposable syringe between 9:00 AM to 3:00 PM before feeding at baseline before departure, at arrival, and at 1 week (6 or 7 days) and 2 weeks (14 days) after arrival. The blood samples were collected into plastic tubes without anticoagulants, allowed to clot and centrifuged at 3,000 rpm for 10 min at 4°C to separate serum. The resulting supernatants were then frozen at −20°C until measurement as serum samples. Samples were assayed using the Automatic Analyzer LABOSPECT 006 (Hitachi High-Technologies Corporation; Tokyo, Japan) for blood chemistry measurements, expect for cortisol, serum levels of which were measured by electrochemiluminescence immunoassay.
Results are expressed as mean ± standard error of the mean (SEM). Statistical significance was analyzed using the paired t-test for two groups. The difference between groups was considered statistically significant when P<0.05.
All animals were deemed to be in good physical condition before and after transportation from Osaka to Tsukuba, Japan, in this study. With regard to changes in serum levels in cynomolgus monkeys, concentrations of serum biochemical parameters in peripheral blood taken before and after transportation are shown in Table 3 . Serum cortisol levels significantly increased from 32.6 ± 1.8 µg/dl before transportation to 65.9 ± 3.1 µg/dl immediately upon arrival (+102%). Serum total bilirubin (T.BIL) and aspartate aminotransferase (AST) levels were higher at arrival than before transportation, with significant increases of +80% and +94%, respectively. In contrast, no marked changes were noted in levels of other serum biochemical parameters tested, including total protein (T.P.), albumin (ALB), cholesterol (CHOL), triglyceride (TRIG), alkaline phosphatase (ALP), alanine aminotransferase (ALT), glucose (GLU), blood urea nitrogen (BUN) and creatinine (CREA).
Similar to observations in monkeys, serum cortisol and T.BIL levels were also higher at arrival than before (+69% and +78%, respectively) in beagle dogs (Table 4) . However, serum TRIG levels were reduced at arrival compared with before (−44%). No marked changes were noted in the levels of other serum biochemical parameters (T.P., ALB, CHOL, ALP, AST, ALT, GLU, BUN and CREA).
As shown in Fig. 1a and 1d, serum cortisol levels were markedly higher in both monkeys and dogs on the day of arrival than before transportation and returned to approximately baseline levels by one week after arrival for monkeys and by two weeks after for dogs. Similar to observations with cortisol, the elevated serum T.BIL levels in transported monkeys and dogs returned to approximately baseline levels by one week following arrival (Fig. 1b and 1e) . The increased serum AST levels in transported monkeys returned to baseline by two weeks following arrival (Fig. 1c) , as did the decreased serum TRIG levels in transported dogs (Fig. 1f) .
We investigated the effect of transportation on blood chemistry in laboratory animals. The transport process is stressful for animals, which show markedly increased blood cortisol levels [6, 16, 17, 19] . Cortisol secreted by adrenal glands via the hypothalamic-pituitary-adrenocortical axis system under stress is a major biochemical indicator of transport stress in several species [13] . In the present study, serum cortisol levels in healthy monkeys and dogs demonstratively increased post-transport. These findings were consistent with those reported elsewhere in the literature [3, 9, 10] and indicate that road transportation from Osaka to Tsukuba in Japan (600 km; 22 hr) is stressful for both monkeys and dogs. A period of acclimation is crucial for ensuring the welfare of laboratory animals following a lengthy transportation by truck.
While cortisol has been studied extensively, little attention has been focused on the effects of transportation on other serum indicators. In the present study, serum T.BIL levels in both monkeys and dogs were found to be significantly higher post-transport than before. T.BIL is a major intravascular product of heme catabolism from red blood cells induced by oxidative stress [21] , and low T.BIL level is associated with incidence of several diseases, such as cardiovascular disease, diabetes and Parkinson's disease [1, 22] . At present, only one study has examined the relationship between T.BIL and transportation of vertebrates, specifically in young calves [12] , and data regarding the effects of transportation on laboratory animals in particular are scarce. While our results suggest that T.BIL may act as effectively as cortisol as an indicator of transport stress, why serum T.BIL levels increased following transportation remains unclear. Further research is needed to clarify the role of T.BIL in transported animals. Serum AST levels in monkeys were significantly increased post-transport in this study. Bejaei et al. reported similar findings, noting a dramatic increase in plasma levels of AST and creatine phosphokinase in ostriches transported for 18 hr [2] . However, serum TRIG levels in dogs were significantly reduced post-transport in this study. We lack definite information on discrepancy between monkeys and dogs in changes in serum parameters, such as AST and TRIG, due to transportation. These factors merit further investigation in future studies.
Given our observations of changes in levels of several serum parameters in laboratory animals following a 600-km road trip with fasting at least 30 hr, transported animals should be allowed a period of acclimation following transport before experiment initiation [4] . We therefore additionally assessed the optimum duration of acclimation by measuring changes in levels of stress-related serum parameters at several time points after arrival. Levels of the parameters in question returned to baseline by one to two weeks following arrival. Thus, a period of at least two weeks for acclimation should be allowed before using transported animals, such as monkeys and dogs, in experiments.
Markedly few reports have addressed the effects of transportation and relocation on physiological parameters in laboratory animals, and findings have been conflicting. Kim et al. [9] reported an increase in the neutrophil/lymphocyte ratio and serum cortisol levels in cynomolgus monkeys upon arrival following a 15-hr trip, and these two indicators returned to baseline 1 week after arrival. Schapiro et al. [18] found that a 21-hr overland transportation and relocation of chimpanzees affected a variety of physiological parameters, with some changes lasting up to 3 months. Honess et al. [8] observed that changes in behavioral patterns in long-tailed macaques caused by transportation did not revert to baseline patterns even 3 weeks after a 58-hr trip by airplane. These discrepancies in findings may depend on the conditions of the transport and relocation.
In conclusion, our results provide useful information regarding adaptation to transportation and relocation in laboratory animals, as changes in serum biochemical parameters following transportation indicate that the transport process is stressful for both monkeys and dogs. A 2-week acclimation period following road-transportation (600 km; 22 hr) was found to be sufficient to recover levels of stress-indicating biochemical parameters to baseline in view of animal welfare.
